Aim: To compare the insulin sensitivity indices between Chinese vegetarians and omnivores. Methods: The study included 36 healthy volunteers (vegetarian, n ¼ 19; omnivore, n ¼ 17) who had normal fasting plasma glucose levels. Each participant completed an insulin suppression test. We compared steady-state plasma glucose (SSPG), fasting insulin, the homeostasis model assessment for insulin sensitivity (HOMA-IR and HOMA %S) and b-cell function (HOMA %b) between the groups. We also tested the correlation of SSPG with years on a vegetarian diet. Results: The omnivore subjects were younger than the vegetarians (55.773.7 vs 58.673.6 year of age, P ¼ 0.022). There was no difference between the two groups in sex, blood pressure, renal function tests and lipid profiles. The omnivores had higher serum uric acid levels than vegetarians 
Introduction
Impaired insulin sensitivity plays an important role in conditions such as obesity, hypertension, dyslipidemia, atherosclerosis (Reaven, 1988; DeFronzo & Ferrannini, 1991; Moller & Flier, 1991) and type II diabetes mellitus (DM) (DeFronzo, 1988) . Impaired insulin sensitivity is also associated with impaired vascular endothelial function that may help to account for increased cardiovascular risk (Arcaro et al, 2002) . Measurement of insulin sensitivity is an important tool for elucidating the pathophysiology of these diseases. Several methods have been described to assess insulin action in vivo. The euglycemic insulin clamp technique is generally considered to be the gold standard or reference method for in vivo insulin sensitivity (Scheen et al, 1994) . However, it is a demanding procedure (Scheen et al, 1994) . The insulin suppression test (IST) provides another method to assess insulin action in vivo and is simpler (Reaven & Olefsky, 1977) . Greenfield et al (1981) have demonstrated a close correlation between estimates of insulin sensitivity obtained from IST and from the euglycemic clamp. Yeni-Komshian et al (2000) used steady-state plasma glucose (SSPG) from the IST as the reference method. Several simple and economical surrogate measures have been reported to be good indices of in vivo insulin sensitivity (Matthews et al, 1985; Laakso, 1993; Levy et al, 1998) . Recently, we demonstrated a good correlation between these indices and data from the euglycemic clamp . These surrogate indices can provide a more conve-nient and less time-consuming estimation of in vivo insulin sensitivity.
Vegetarian diets have been reported to be good for human health (Lin, 1997) . Vegetarians have lower blood pressure (Margetts et al, 1986) ; lower cardiovascular mortality (Phillips et al, 1980; Chang-Claude et al, 1992) than omnivores. Lin et al (2001) recently reported a direct beneficial effect of vegetarian diet on vascular endothelial and smooth muscle function. In addition, this beneficial effect correlated to the years on vegetarian diets (Lin et al, 2001) . With the growing reports of health benefits of vegetarian diets, there is interest in comparing insulin sensitivity in vivo between omnivores and vegetarians.
In this study, we wished to compare the in vivo insulin sensitivity obtained with IST and surrogate indices between vegetarians and omnivores in a Chinese population. The vegetarians habitually avoided meat of any kind; but did not necessarily avoid eggs or dairy products.
Patients and Methods

Patients
In all, 42 vegetarians and a control group of 50 omnivores were screened from the Buddhist Tzu Chi Compassion Relief Foundation for an atherosclerosis study (Lin et al, 2001 ). The vegetarians who followed the Buddhist's teaching of 'no killing' were defined by self-report in the questionnaires. For inclusion in the study, the subjects were required to be older than 50 y of age and without family history of hypertension or diabetes, or prior history of hypertension, diabetes, hyperlipoproteinemia, smoking, alcoholism or overt vascular diseases (cerebrovascular diseases, angina pectoris, myocardial infarction, etc). We excluded fasting hyperglycemic subjects (fasting plasma glucose level Â 110 mg/dl) according to the 1997 American Diabetes Association criteria (1997) . In all, 36 volunteers, including 19 vegetarians who have been on a vegetarian diet for at least 1 y and 17 omnivores, were eligible. The study was approved by hospital appropriate committees and was carried out after informed written consent signed by each subject was obtained.
Clinical assessment
Medical history and duration of ovo-lactovegetarian diet were recorded (Lin et al, 2001 ). After 14-h overnight fasting, subjects received anthropometric and biochemical measurements by the procedures described earlier (Chin-Sung . Body mass index (BMI) was calculated as body weight divided by height squared (kg/m 2 ). The standard mercury sphygmomanometer was used to measure blood pressures by procedures as reported earlier (Kuo et al, 2000) . In the study, the mean of three readings in every 10 min measurement was used as the data of blood pressure and heart rate for the subject in supine position.
Insulin suppression test
The volunteers underwent an IST to assess their in vivo insulin sensitivity after a 14-h overnight fast according to the procedures reported previously . They were infused with regular insulin (Humulin-R, Lilly, Indianapolis, IN, 25 mU/min per m 2 ) and glucose (TAIYU, Shih-Tzu, Taiwan; 240 mg/min per m 2 ) simultaneously for 180 min with infusion pumps. Somatostatin (Stilamin, Serono, Aubonne, Switzerland) was infused intravenously at a rate of 5 mg/min over the same period of time. Arterialized venous blood samples were collected at -10, 0, 30, 60, 90, 120, 150, 160, 170 and 180 min during the test. Plasma glucose and insulin levels were measured. The mean values of the plasma glucose and insulin at 150, 160, 170, 180 min are defined as SSPG and steady-state plasma insulin (SSPI).
Surrogate insulin sensitivity indices The following were chosen as surrogate indices:
Fasting insulin ¼ FPIðmU=mlÞ
Homeostasis model assessment for insulin sensitivity can be calculated either by the simplified formula reported by Matthews et al (1985) :
or by the computer-solved approach (Levy et al, 1998) : HOMA %S which is also a function of paired FPI and FPG. The results of HOMA %S were calculated by a computer program (courtesy Dr JC Levy) using FPI (pmol/l) and FPG (mmol/l).
Measurements PG was measured by hexokinase method with a glucose analyzer (Olympus AU640 automated chemistry analyzer, Olympus Optical, Japan). Plasma immunoreactive insulin was determined by a microparticle enzyme immunoassay (AxSYM, Abbott, IL, USA).
Statistics
All data are expressed as mean7s.d. Differences of clinical characteristics and insulin sensitivity indices between vegetarians and omnivores were tested by Student's t-test and w 2 test. Pearson's procedures (r) was used to test the correlation between surrogate measures and SSPG. The 95% confidence intervals (CI) of correlation coefficients were calculated (Sokal & Rohlf, 1994) . The level of significance chosen was Po0.05.
Results
The baseline clinical characteristics and biochemical values of volunteers are shown in Table 1 . It can be seen that the vegetarian subjects (53-65-y old) were older than the omnivore counterparts (50-62-y old). Similar proportions of men and women were present in each group in this study. The omnivores had somewhat higher plasma glucose levels than vegetarians (P ¼ 0.036). The subjects were similar in blood pressure results, renal function tests and lipid profiles between groups except serum uric acid (Table 1 ). The omnivores (3.9-6.9 mg/dl) had higher serum uric acid levels than vegetarians (3.7-6.3 mg/dl, P ¼ 0.011). Table 2 shows the distribution of insulin sensitivity of subjects. The subjects spanned the spectrum of insulin sensitivity with SSPG values (mg/dl) ranging from 62 to 121 (median, 94), HOMA %S (%) ranging from 113.6 to 808.6 (median, 174.6) and FPI (mU/ml) ranging from 0.8 to 5.5 (median, 3.5). Both groups were relatively insulin sensitive. In addition, the vegetarian group was more insulin sensitive than the omnivore group. The SSPG values were about 1.3 times greater in omnivores than in vegetarians (Po0.001). The results of surrogate indices were also different between omnivore and vegetarian subjects except the insulin secretion index, HOMA %b (P ¼ 0.208).
We found a linear relation (r ¼ À0.541, P ¼ 0.017) between years on a vegetarian diet and insulin sensitivity (SSPG) in vegetarians (n ¼ 19) (Figure 1) .
We calculated the Pearson's correlation coefficients of SSPG to surrogate measures of insulin sensitivity in all the subjects (n ¼ 36). 
Discussion
The major aim of the present study was to compare in vivo insulin sensitivity between vegetarians and omnivores. In our study, the baseline characteristics of both groups were similar with the exception of age (Table 1 ). The vegetarians were older than the omnivores. The in vivo insulin sensitivity of the subjects on a vegetarian diet was better than that of the omnivores (Table 2 ) despite the fact that one would expect more insulin resistance in the older group. The measures of in vivo insulin sensitivity included SSPG, FPI, HOMA-IR and HOMA %S. The results were in concordance by the different measuring methods (Table 2) . FPI, HOMA-IR and HOMA %S correlated closely to the results of SSPG. The in vivo insulin sensitivity was associated with the years on a vegetarian diet (Figure 1) .
The euglycemic insulin clamp is the gold standard for measuring in vivo insulin sensitivity (Scheen et al, 1994) . SSPG correlates closely to the euglycemic insulin clamp (r ¼ 0.93) and is a simpler method (Greenfield et al, 1981) .
One of the drawbacks of SSPG is urinary glucose loss while the SSPG level is high. SSPG values, however, were not high in this study (Table 2) spanning from 62 to 121 mg/dl. Therefore, to use SSPG as the reference method of in vivo insulin sensitivity here appears adequate. Laakso (1993) found that FPI could be used as a good insulin sensitivity surrogate from normal glucose tolerance to diabetic patients (except those under insulin therapy). HOMA-IR is based on the assumption that the steady-state basal plasma glucose and insulin concentrations are determined by their interaction in a feedback loop (Matthews et al, 1985) . A computersolved model has been used to predict the homeostatic concentrations that arise from varying degrees of b-cell deficiency and insulin sensitivity (Levy et al, 1998) . Such a method derives an estimate of insulin sensitivity from the mathematical modeling of fasting plasma glucose and insulin levels (Matthews et al, 1985) . We demonstrated previously that HOMA %S, HOMA-IR and FPI were good surrogate indices of in vivo insulin sensitivity . In addition to SSPG, the surrogate indices were sufficiently sensitive to show the difference in insulin sensitivity between vegetarians and omnivores ( Table 2) . The metabolic syndrome consists of a cluster of metabolic disorders, including obesity, hypertension, dyslipidemia, atherosclerosis and elevated plasma glucose. Insulin resistance lies at the heart of the metabolic syndrome (DeFronzo, 1988 , DeFronzo & Ferrannini, 1991 Reaven, 1988; Moller and Flier, 1991) . In our study, the participants were relatively insulinsensitive in both the groups (Table 2) . Levy et al (1998) defined the reference value of HOMA %S for in vivo insulin sensitivity of Hispanic adults as 100%. We found no difference between omnivores and vegetarians in blood pressure, lipid profile and HOMA %b (b-cell function index). However, there was significant difference in insulin sensitivity indices between the groups (Table 2 ). The fasting plasma glucose levels seemed to be higher in omnivores (Table 1 ). In addition to elevated plasma glucose and hyperinsulinemia, elevated uric acid levels were also noted in omnivores. Hyperuricemia has been reported as a marker of cardiovascular risk (Rich, 2000) . The amelioration of insulin resistance by either a lowenergy diet or troglitazone decreased the serum uric acid level in overweight hypertensive patients (Tsunoda et al, 2002) . Insulin resistance or hyperinsulinemia, independent of body weight and blood pressure, may play an important role in uric acid metabolism in the metabolic syndrome (Tsunoda et al, 2002) . In our study, the significantly elevated uric acid levels in omnivores implied that the uric acid level would be an early marker of impaired in vivo insulin sensitivity, independent of blood pressure, BMI and lipid profiles.
It is worth noting about some results of the primary prevention of type II DM (Pan et al, 1997; Tuomilehto et al, 2001; Diabetes Prevention Program Research Group, 2002; Hu et al, 2002) . Among 577 subjects with IGT in Da Qing study (Pan et al, 1997) , exercise interventions, dietary interventions or both resulted in a decreased of 42-46% in the rate of progression from IGT to DM during the 6-y follow-up. The Finnish Diabetes Prevention Program reported that diet (low in saturated and trans fat, high in fiber) and lifestyle modification (small reduction (less than 4.5 kg) in weight and regular moderate exercise) reduced the incidence of type II DM by 58% during 3.2 y of follow-up among 522 middle-aged, overweight subjects with IGT (Tuomilehto et al, 2001) . The Diabetes Prevention Program in the United States reported that regular exercise and modification of diet reduced the incidence of type II DM by 58% among patients with IGT (Diabetes Prevention Program Research Group, 2002) . The 16-year follow-up of 84941 female nurses also showed that closer adherence to diet and behavioral modification could reduce the risk further in both low-risk and high-risk populations (Hu et al, 2002) . In general, diet modification plays an important role in the prevention of type II DM. In an American population, a lowrisk diet was usually defined as a diet low in trans fat and glycemic load and high in cereal fiber, with a high ratio of polyunsaturated to saturated (P/S) fat (Hu et al, 2002) .
In Chinese society, vegetarianism originates from the Buddhist teaching of 'no killing' and has been practiced for centuries. Most Chinese vegetarians eat dairy products and eggs in addition to plant food (ovo-lactovegetarians) . In Taiwan, the prevalence of a vegetarian diet is 2.3% in male and 4.4% in female people older than 45 y (NAHSIT, 1999). The modern Buddhist vegetarian diet is similar to the usual Taiwanese diet in terms of meal pattern, cooking methods, choice of staple (primarily rice), and fruit and vegetable consumption (Pan et al, 1993) . Taiwanese vegetarian diets include a large amount of soybean products as the major substitute for all animal products (Lu et al, 2000) . As reported in a nutritional survey, Taiwanese vegetarians consumed fewer calories, more carbohydrate (63% of calories in men, 58% in women), less protein (12% of calories) and fat (25% for men, 30% for women) (Pan et al, 1993) . The P/S and polyunsaturated/monounsaturated (P/M) fatty acid ratios in the Taiwanese vegetarian diets were high (P/S ¼ 3.4, P/M ¼ 2.5) (Pan et al, 1993; Lu et al, 2000) . The mean P/S ratio in the vegetarian diet was about two times than that in the omnivore diet (Lu et al, 2000) . Epidemiological data (Lichtenstein and Schwab, 2000) and animal studies (Storlien et al, 1991) suggest that insulin sensitivity is decreased by a diet rich in saturated fat relative to a diet rich in polyunsaturated fat. The KANWU study showed that saturated fat impaired insulin sensitivity (Vessby et al, 2001) . Substituting dietary saturated fat with polyunsaturated fat improves insulin sensitivity (Summers et al, 2002) . Therefore, we hypothesize that a high P/S ratio in Taiwanese vegetarian diets contributes to the major beneficial effect on insulin sensitivity. In addition, low fat, low calorie, and fiber may also contribute to the health benefits of vegetarian diets. However, the exact mechanisms remain unclear.
In conclusion, the vegetarian diets had significant beneficial effects on insulin sensitivity of subjects in a low-risk population. The degree of beneficial effects appeared to be correlated with years on a vegetarian diet.
